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[57] ABSTRACT

The auxiliary combustion chamber of a four-cycle
stratified-charge piston engine is divided into a primary
cavity, and a secondary cavity provided with a baffle.
The primary cavity receives a relatively rich mixture
which passes into the secondary cavity, and the main
combustion chamber receives a relatively lean mixture.
The primary cavity is in communication with a spark
plug. A long torch passage insert piece connects the
primary cavity with the central portion of the main
combustion chamber, and one or more short torch pas-
sages connect the secondary cavity with a peripheral
portion of the main combustion chamber. The purpose
is to reduce emission of NOy without adversely affect-
ing emissions of CO and HC, and to improve fuel econ-
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DIVIDED AUXILIARY COMBUSTION CHAMBER
FOR INTERNAL COMBUSTION ENGINE

The device of this invention is similar in many re-
spects to the disclosure of the copending application of
Yagi et al entitled “Divided Auxiliary Combustion
Chamber For Internal Combustion Spark Ignition En-
gines” filed of even date herewith. .

This invention relates to a four-cycle stratified-
charge internal combustion spark ignition engine. This
invention has as its primary object to enable operation
on the rich side of the lean range and to reduce the
amount of NO, emissions in the exhaust and to improve
the indicated specific fuel consumption (ISFC) and
hence the engine power output, these improvements to
take place over the entire range of operation loads on
the engine, and without increasing emissions of CO and
HC. When such an engine is mounted in a motor vehicle
the driveability is improved.

A strong requirement for better fuel economy has
long been made on the internal combustion engine;
therefore, even when the exhaust emissions are reduced
to the desired level, a good fuel economy should be
maintained. -

It is desirable to operate the engine on an overall lean
air-fuel ratio because this not only results in reducing
the NOy emission, but also improves the indicated spe-
cific fuel consumption (ISFC). However, it is extremely
difficult with conventional engines without catalytic
converters to reduce the exhaust emissions to the re-
quired level and at the same time to improve the fuel
economy. ‘

It is known, for stratified charge engines, that the
overall air-fuel ratio should be leaner than stoichiomet-
ric in order to minimize generation of CQO, HC and
NOx emissions at the same time. However, if the engine
is operated over a wide range of loads, there is a limit on
how lean the overall air-fuel ratio may be set. During
relatively light load operation of the engine, an exces-
sively lean air-fuel ratio will cause increases in the gen-
eration of CO and HC. On the other hand, during rela-
tively heavy load operation of the engine, an exces-
sively lean air-fuel ratio will cause deterioration of
driveability of a motor vehicle.

In order to reduce the NOy emission in the exhaust
and at the same time improve the indicated specific fuel
consumption (ISFC), the combustion process in the
combustion chamber has been studied for each range of
loads on an engine of the torch ignition type. It has been
found from this study that the following improvements
should be made regarding the formation of torch flames
contributing to the combustion of lean mixture in the
main combustion chamber.

The percentages of generation of CO, HC and NO,
emissions from an engine vary greatly according to its
load conditions: The generation of HC will be higher as
the load on the engine becomes lighter, and it will be
lower as the load on the engine increases, whereas the
generation of NOy will be lower at light loads and will
be higher at heavy loads. Consequently, in the range of
light load operation of the engine, the emphasis should
be placed on the reduction of the HC emission, and in
ihe range of heavy load operation of the engine the
emphasis should be placed on the reduction of the NOy
emission.

In order to prevent the increase of CO and HC emis-
sions in the range of light load operations while the
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overall air-fuel ratio is lean, it has been suggested that a
plurality of torch openings be provided to improve the
combustion by multi-torch flames injection; however,
this results in increase of the speed of combustion in the
range of heavy load operations to increase the genera-
tion of NOy emissions. On the other hand, in the range
of heavy load operations, in order to prevent the in-
crease of NOy emission, the torch flame should be di-
rected mainly to the center of the main combustion
chamber. Howeéver, this results in an increase of CO and
HC emissions in the range of light load operations.

With this relationship known between the load condi-
tions of the engine and its exhaust emissions, it has been
found that:

(1) In the range of light load operation of the engine
the torch flames should be directed effectively
toward the center of the main combustion chamber
and in the neighborhood of the cylinder walls; and

(2) In the range of heavy load operation of the engine
the torch flames should be directed mainly to the
center of the main combustion chamber.

During light load operation of the engine, the volu-
metric efficiency is low, the percentage of residual gas
in the mixture in the cylinder is high, and turbulence of
the mixture in the main combustion chamber is weaker
as compared with that during heavy load operation of
the engine, so that combustion is likely to be unstable. In
order to cause more stable combustion and thereby
reduce the CO and HC emissions and at the same time
improve the indicated specific fuel consumption
(ISFC), it is essential that a plurality of torch openings
be provided and the time difference in combustion tim-
ing by multi-torch flames oriented in two directions and
located in different positions be accomplished to reduce
NOy.

On the other hand, during heavy load operation of
the engine, the volumetric efficiency is high, and turbu-
lence of mixture in the main combustion chamber is
greater as compared with turbulence during light load
operation of the engine, so that in order to minimize the
increase of NO, emission, it is essential that the combus-
tion be prevented from becoming unnecessarily rapid,
and this is accomplished by directing the torch flame
mainly to the center of the main combustion chamber.
In this way, NOx emission in the range of heavy load
operation can be reduced.

The structure employed to produce the results de-
scribed above requires that each auxiliary combustion
chamber be divided into a primary cavity and a second-
ary cavity. A first carburetor supplies a relatively lean
air-fuel mixture to the main combustion chamber and a
second carburetor supplies a relatively rich air-fuel
mixture to the primary cavity of the auxiliary combus-
tion chamber, and then to the secondary cavity thereof.
A primary torch passage extends from the primary
cavity to the main combustion chamber and has an
outlet end positioned near the center of the main com-
bustion chamber. A spark plug communicates with the
primary cavity. One or more secondary torch passages
extend from the secondary cavity to the main combus-
tion chamber and each has an outlet end positioned
adjacent a peripheral zone of the main combustion
chamber. Accordingly, the primary object of this inven-
tion is to reduce the NO, emission in the exhaust over
the entire range of loading of the engine without in-
creasing emissions of CO and HC, while at the same
time improving the indicated specific fuel consumption
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(ISFC) and hence the engine power output, thereby
improving the driveability of the motor vehicle.

Tests have shown that an engine constructed in this
manner operates with reduced NOy emission even when
the overall air-fuel mixture is leaner than stoichiomet-
ric, and this is accomplished without increasing the
generation of CO and HC emissions.

According to a comparison between this invention
and a conventional engine, this invention improves
NOy emission and ISFC. Moreover, it will be under-
stood that if the required level of NO, emission remains
the same as with the conventional engine, this invention
makes it possible to set the air-fuel ratio on the rich side
of the lean range whereby an improvement is achieved
in the driveability of the motor vehicle.

Other and more detailed objects and advantages will
appear hereinafter.

In the drawings:

FIG. 1 is a sectional side elevation partly broken
away of an engine cylinder head and showing a pre-
ferred form of the present invention.

FIG. 2 is a view partly broken away looking up under
the cylinder head of FIG. 1.

Referring to the drawings, the engine head generally
designated 14 is provided with one or more cylinders
each with a piston, not shown. The upper face of the
piston forms one wall of a main combustion chamber 13,
the other walls being formed in the cylinder head 14.
The main intake valve 15 controls flow of relatively
lean air-fuel mixture from the main intake passage into
the main combustion chamber 13.

An auxiliary combustion chamber generally desig-
nated 17 is formed in the cylinder head 14 and is divided
into a primary cavity 18 and a secondary cavity 20. The
cavities are connected by an opening 21. An auxiliary
intake valve 22 controls the flow of a relatively rich
air-fuel mixture through the auxiliary intake passage 23
into the primary cavity 18. The electrodes of a spark
plug 24 communicate with the primary cavity 18
through the opening 25.

An exhaust valve 26 is provided to control the flow
of exhaust gases from the main combustion chamber 13.
The main intake valve 15, exhaust valve 26, and auxil-
iary intake valve 22 are all operated in timed sequence
by means of conventional mechanism, not shown.

A primary torch passage communicates at one end
with the primary cavity 18, and the other end 30 of the
torch passage 29 is positioned near the center of the
main combustion chamber 13. A liner insert 27 in the
opening 28 contacts the cylinder head 14 only at the
ends of the insert, the major portion of the length of the
insert 27 being spaced from the wall of the opening 28
to minimize loss of heat to the cylinder head. The liner
insert 27 is preferably formed of heat resistant material,
such as stainless steel.

Each secondary torch passage is smaller in cross
section area than the cross section area of the primary
torch passage. This construction helps to make sure that
under heavy engine loading the primary torch passage
is principally responsible for combustion.

When the spark plug 24 ignites the mixture in the
primary cavity 18 a torch flame is projected through the
relatively long primary torch passage 29 toward the
central axis of the piston. The ignition of the mixture in
the primary cavity 18 causes a flame to pass through the
opening 21 into the secondary cavity 20 and then
around the baffle 19 and through the relatively short
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secondary torch passages 31 into a peripheral part of the

“main combustion chamber 13.

The primary torch passage 29 communicates with the
primary cavity 18 through an opening 32 in the side
wall of the insert cup member 33. This cup member also
contains the openings 21 and 25, and the bottom wall 34
of this cup member forms the divider between the cavi-
ties 18 and 20. The bottom wall 34 also carries the
downward extending baffle 19.

Operation of the engine under light load. During the
intake stroke of the piston a charge of relatively lean
mixture is drawn into the main combustion chamber 13,
and a charge of relatively rich mixture is simultaneously
drawn into the auxiliary combustion chamber 17. This
rich mixture drawn into the auxiliary combustion cham-
ber 17 is first introduced into the primary cavity 18.
Since the quantity of rich mixture, in the case of light
load operation, is set to be greater as compared with
heavy load operation, the rich mixture is also drawn
into and through the secondary cavity 20 through the
communicating opening 21. As a result, both the pri-
mary cavity 18 and the secondary cavity 20 are filled
with a fresh charge of rich mixture.

Next, during the following compression stroke of the
piston, the lean mixture in the main combustion cham-
ber 13 flows back through the torch passages 29 and 31
into both of the cavities 18 and 20 to dilute the mixtures
therein. Accordingly, the mixtures in the two cavities
18 and 20 immediately before ingition have approxi-
mately the same air-fuel ratio and suitable for ignition.
Upon ignition by the spark plug 24, torch flames are
projected through the torch passages 29 and 31 into the
main combustion chamber 13 to burn the relatively lean
mixture therein. Combustion begins first at the outlet
end of the short torch passage 31, and later at the outlet
end of the longer torch passage 29. The presence of the
baffle 19 serves to extend the duration of the torch
flames from the short passages.

The secondary torch flames, beginning earlier than
the primary torch flame, are projected through the
secondary torch passages 31 located in the neighbor-
hood of the wall of the cylinder to burn the unburned
gas in the neighborhood of the peripheral wall, and the
primary torch flame passing through the primary torch
passage 29 is directed approximately to the center of the
main combustion chamber 13 and burns the relatively
lean mixture in the main combustion chamber 13 and
successively to its periphery. The dual combustion pro-
cess described above promotes combustion of end gas
that is not completely burned through the action of the
torch flame through the primary torch passage 29 and
reduces the peak pressure and peak temperature, and
therefore reduces NOx emission without adversely af-
fecting CO and HC emissions which are already con-
trolled at low level.

Operation of the engine under heavy load. During the
intake stroke of the piston, a charge of relatively lean
mixture is intreduced into the main combustion cham-
ber 13, and a charge of relatively rich mixture is simulta-
neously drawn into the auxiliary combustion chamber
17. However, even though the quantity of rich mixture
in the auxiliary combustion chamber 17 in the case of
heavy load operation is set, unlike the one in the case of
light load operation, to be smaller, the primary cavity
18 is thoroughly scavenged as in the case of light load
operation described above, and is filled with a fresh

. charge of rich mixture. However, the secondary cavity

20 is not fully scavenged because of the relatively small
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amount of rich' mixture supplied, and because' the flow-
resistance of the communicating opening 21 allows only
a small amount of freshly charged rich mixture to re-
main in the cavity 20. Consequently; the percentages of
fuel weights in the two ¢avities at the end of the intake
stroke of’the pistén-are»such that the fuel weight is
considerably “‘greater in the primary “cavity 18 and
smaller in the secondary cavity 20:

Scavenging is almost complete in the secondary
chamber- at light loads, but as the load on the engine
increases the scavenging efficiency in the secondary
chamber decreases. This is brought about by operating
and geometric factors of the torch passages 29 and 31
and the opening 21. During the subsequent compression
stroke, the lean mixture in the main combustion cham-
ber 13 flows back through the primary torch passage 29
and secondary torch passages 31, and immediately be-
fore ignition the mixture in the primary cavity 18 is
suitable for ignition and the mixture in the secondary
cavity 20 is approximately the same as the lean mixture
in the main combustion chamber 13. That is to say,
torch energies generated in the two cavities are differ-
ent so that combustion timing is different and duration
of torch flame projection from the prlmary and second-
ary torches is also different.

The following example is given by way of illustration
and not of limitation: Consider a four cylinder four
cycle engine of 1500 cc stroke volume. Assume that the
volume of the primary cavity 18 is 3 cc and the volume
of the secondary cavity 20 is also 3 cc. At idle speed of
the engine approximately 11.4 cc per cycle of rich mix-
ture is drawn into and through the cavities and through
the torch passageways 29 and 31. Because of the rela-
tive size of the passages 29 and 31 and of the communi-

cating opening 21 and the presence of the baffle 19

about two-thirds of the total 11.4 cc are drawn through
the torch passage 29 and the remaining one-third
around the baffle 19 and through the secondary pas-
sages 31. Accordingly, at the end of the intake stroke of
the piston, the primary cavity 18 is fully scavenged and
contains only rich mixture, and the secondary cavity 20
is almost fully scavenged. When the engine is operating
under heavy load, however, only 6.0 cc per cycle of
rich mixture is drawn into the cavities during the intake
stroke of the piston. Two-thirds of this or about 4.0 cc
moves through the primary torch passage 29, the re-
mainder of about 2.0 cc passing through the secondary
passages 31. Accordingly, scavenging of the secondary
cavity 20 is incomplete.

When the mixture in the primary cavity 18 is ignited
by the spark plug 24, the torch flame is projected
through the primary torch passage 29 into the main
combustion chamber. Also, flame passes through the
opening 21 into the secondary cavity 20 and then
around the baffle 19 through the secondary torch pas-
sages 31 into the main combustion chamber 13. How-
ever, since the mixture in the primary cavity 20 is lean
as compared to the mixture in the primary cavity 18, the
mixture in the main combustion chamber 13 is caused to
burn mainly by the torch flame from the primary torch
passage 29.

As a result, the torch flame projected through the
primary torch passage 29 approximately to the center of
the main combustion chamber 13 causes the lean mix-
ture therein to burn from its center toward its periphery
by almost uniform propagation of the flame, resulting in
efficient combustion. Consequently, a sudden rise both
in the combustion pressure and temperature is pre-
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-vented from occurring, whereby the generation of NOx

emission is minimized and in addition the indicated
specific fuel consumption is improved.

Summarlzmg, during heavy load operation of the
engine the strength of the secondary torch flames is
reduced to control the turbulence of the mixture in the
main combustion-chamber 13, and the mixture therein is

made to burn from the center uniformly toward the

periphery, whereby excessively rapid combustion is
avoided and sudden rise of combustion temperature is
controlled. for minimizing the generation of NOyx emis-
sion-and improving the indicated specific fuel consump-
tion. This invention makes it possible to set the air-fuel
ratio on the rich side of the lean range, whereby engine

power output is improved.

"When:
V z:i—volume of the auxiliary combustion chamber 17
* Vg1:—volume of the primary cavity 18
V—total combined volume of the primary cavity
18, secondary cavity 20, and main combustion
chamber 13, when the piston is at top dead center
experimental data has shown that:

Va/Vc=0.06—0.18

Va1/Va=0.4-0.6
to produce optimum results.

When V/V.is made smaller, there is a decrease in
the amount of HC emissions by an increase in the
amount of NO, emissions. When V,/V.is made larger,
there is a decrease in the amount of NO, emissions but
an increase in the amount of HC emissions, and when it
is made larger there is a decrease in the amount of NOx
emissions.

Having fully described our invention, it is to be un-
derstood that we are not to be limited to the details
herein set forth but that our invention is of the full scope
of the appended claims.

We claim:

1. In an internal combustion piston engine, the combi-
nation of: a cylinder head, a main combustion chamber,
means forming an auxiliary combustion chamber within
said cylinder head, means dividing said auxiliary com-
bustion chamber into a primary cavity and a secondary
cavity, an opening connecting said primary and second-
ary cavities, spark ignition means communicating with
said primary cavity, means for supplying a relatively
lean air-fuel mixture to said main combustion chamber,
means including an auxiliary intake valve for supplying
a relatively rich air-fuel mixture to said primary cavity,
a relatively long primary torch passage extending from
said primary cavity to said main combustion chamber,
said primary torch passage being formed in a liner insert
spaced from the cylinder head for the major portion of
the length of the liner insert, said primary torch passage
having an outlet end positioned near the center of said
main combustion chamber, at least one relatively short
secondary torch passage extending from said secondary
cavity to said main combustion chamber and having an
outlet end positioned adjacent a peripheral zone of said
main combustion chamber.

2. In an internal combustion piston engine, the combi-
nation of: a cylinder head, a main combustion chamber,
means forming an auxiliary combustion chamber within
said cylinder head, means dividing said auxiliary com-
bustion chamber into a primary cavity and a secondary
cavity, an opening connecting said primary and second-
ary cavities, spark ignition means communicating with
said primary cavity, means for supplying a relatively
lean air-fuel mixture to said main combustion chamber,
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means including an auxiliary intake valve for supplying
a relatively rich air-fuel mixture to said primary cavity,
a relatively long primary torch passage extending from
said primary cavity to said main combustion chamber,
said primary torch passage having an outlet end posi-
tioned near the center of said main combustion cham-
ber, relatively short secondary torch passages extending
from said secondary cavity to said main combustion
chamber and each having an outlet end positioned adja-
cent a peripheral zone of said main combustion cham-
ber, the secondary cavity having a baffle therein inter-
posed between said opening and the secondary torch
passages.

3. In an internal combustion piston engine, the combi-
nation of: a cylinder head, a main combustion chamber,
means forming an auxiliary combustion chamber within
said cylinder head, means dividing said auxiliary com-
bustion chamber into a primary cavity and a secondary
cavity, an opening connecting said primary and second-
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ary cavities, spark ignition means communicating with
said primary cavity, means for supplying a relatively
lean air-fuel mixture to said main combustion chamber,
means including an auxiliary intake valve for supplying
a relatively rich air-fuel mixture to said primary cavity,
a relatively long primary torch passage extending from
said primary cavity to said main combustion chamber,
said primary torch passage being formed in a liner insert
spaced from the cylinder head for the major portion of
the length of the liner insert, said primary torch passage
having an outlet end positioned near the center of said
main combustion chamber, relatively short secondary
torch passages extending from said secondary cavity to
said main combustion chamber and each having an
outlet end positioned adjacent a peripheral zone of said
main combustion chamber, the secondary cavity having
a baffle therein interposed between said opening and the

secondary torch passages.
* * * * %
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